Introduction
============

Antithrombotic treatment in the chronic phase of cardiovascular diseases consists mainly of oral anticoagulant and antiplatelet agents.[@b1-cia-13-1675] Anticoagulant agents inhibit the coagulation cascade and fibrin formation.[@b1-cia-13-1675] They are used mainly for primary or secondary prevention of embolic events (and their causes) such as cardiogenic cerebral embolism (and atrial fibrillation),[@b2-cia-13-1675],[@b3-cia-13-1675] pulmonary embolism (and deep vein thrombosis),[@b4-cia-13-1675] and following heart valve replacement.[@b5-cia-13-1675] Antiplatelet agents inhibit clot formation by preventing platelet activation and aggregation.[@b6-cia-13-1675] They are mainly used for primary or secondary prevention of arterial thrombosis at area of arteriosclerotic changes, such as in non-cardiogenic ischemic stroke,[@b7-cia-13-1675] angina pectoris,[@b6-cia-13-1675] and peripheral artery diseases (PADs).[@b1-cia-13-1675] These anticoagulant and antiplatelet agents are now subdivided and specialized by disease, and many guidelines have been published.

Aging could become the single most important risk factor for arteriosclerosis, owing to the accumulation of genetic mutations.[@b8-cia-13-1675],[@b9-cia-13-1675] Consequently, elderly people have an increased incidence of thrombosis, even if they have no other risk factors for arteriosclerosis. Separately, many clinical studies of antithrombotic therapy have demonstrated that elderly people are at higher risk of bleeding than younger individuals.[@b10-cia-13-1675],[@b11-cia-13-1675] Thus, elderly people have increased risks for both thrombosis and bleeding. This phenomenon precludes the use of clinical research data obtained with younger generations for the treatment of elderly patients, making it difficult to choose appropriate antithrombotic strategies for elderly patients. Furthermore, elderly patients frequently have multiple comorbid conditions. As a result, even when physicians newly identify a symptom or a high-risk factor for thrombosis in these patients, they are often unable to start antithrombotic therapy immediately. In such cases, physicians find it challenging to integrate the principles of evidence-based practice into the therapy and must determine the best treatment option for each patient. [Figure 1](#f1-cia-13-1675){ref-type="fig"} summarizes the problems identified so far regarding antithrombotic treatment in elderly patients. They can be classified into three categories: 1) polypharmacy; 2) comorbidity; and 3) medication adherence.[@b12-cia-13-1675]--[@b14-cia-13-1675] It is a daunting task to establish a clear and universal treatment plan for all patients. Thus, physicians evaluate these problems and ultimately choose a therapeutic strategy for each patient based on the balance between thrombotic and bleeding risks. They also need to implement an interdisciplinary approach aimed at maintaining the overall health of the patient rather than an intervention tailored for one particular organ or disease. Thus, to help facilitate their decision-making processes, recent findings related to the evidence regarding concomitant medications, secondary benefits of antithrombotic therapy for patients with comorbidities, and evidence regarding medication adherence are reviewed. In this article, people aged 65 years and older are defined as elderly.

Evidence in combined drug use with an antithrombotic agent
----------------------------------------------------------

Elderly people frequently suffer from various co-existing medical problems[@b15-cia-13-1675],[@b16-cia-13-1675] forcing them to take multiple drugs concomitantly. The incidence of adverse drug reactions is significantly higher in patients taking six or more drugs.[@b17-cia-13-1675] Furthermore, the concurrent use of multiple antithrombotic drugs itself increases the risk of bleeding in patients aged 75 years and older.[@b18-cia-13-1675] Because of these adverse events caused by multidrug regimens, and also based on the medical economic considerations, the Japan Geriatrics Society has issued a set of guidelines aimed at minimizing the negative consequences of polypharmacy.[@b19-cia-13-1675] Simple discontinuation of antithrombotic drugs would certainly increase the risk of thrombosis. Thus, in selecting the right drug(s) for each patient, physicians must implement an evidence-based approach, whenever possible.

Concurrent use of multiple antithrombotic drugs
-----------------------------------------------

In the "Guidelines for Medical Treatment and Its Safety in the Elderly 2015," the Japan Geriatrics Society recommends that the concurrent use of multiple antithrombotic drugs be limited to the short-term period of 12 months.[@b19-cia-13-1675] The efficacy of multidrug antithrombotic therapy has only been clearly established for certain select diseases as described below. Thus, the therapy is unsubstantiated and may even be harmful for elderly patients with other types of diseases. Low-dose aspirin is sometimes prescribed for elderly patients who have no clear history of thrombosis. However, the efficacy of this therapy as a primary prevention strategy has not been confirmed in elderly people even for high-risk patients.[@b20-cia-13-1675] This is mainly because, although antithrombotic agents prevent thrombosis, they significantly increase the incidence of intracranial hemorrhage. In fact, antithrombotic therapy has been shown to be the most significant risk factor for this type of bleeding event.[@b21-cia-13-1675]

The onset of a new myocardial or cerebral infarction can often be found in elderly patients who have previously been treated with single-drug antithrombotic therapy as secondary prevention. In these cases, physicians are sometimes hesitant to continue using the same therapy without any additional antithrombotic drug against relapses. Recently, researchers have been gathering new information about the concurrent use of multiple antithrombotic drugs. However, physicians must note that much of the information lacks a sufficient amount of data collected from elderly patients. [Table 1](#t1-cia-13-1675){ref-type="table"} shows major antithrombotic combination therapies reported thus far, with a focus on dual antiplatelet therapy (DAPT).[@b22-cia-13-1675]--[@b38-cia-13-1675] DAPT is recommended for the treatment of coronary artery diseases (CADs) in the early stages after stenting. As described below, the optimum duration of the therapy has yet to be determined. In PADs, on the other hand, the efficacy of DAPT has not been established due to the paucity of clinical evidence.[@b39-cia-13-1675] For patients with noncardiogenic cerebral infarction, DAPT is proven to be effective in preventing relapse during the early stages of the disease, but the available information is still limited ([Table 1](#t1-cia-13-1675){ref-type="table"}). In contrast, atrial fibrillation patients requiring anticoagulation therapy with concurrent CAD appear to benefit very little from triple therapy where an anticoagulant is combined with post-stenting DAPT ([Table 1](#t1-cia-13-1675){ref-type="table"}).[@b26-cia-13-1675],[@b27-cia-13-1675] Similarly, the augmentation of an anticoagulant with antiplatelet therapy has no added positive effect in atrial fibrillation patients with stable cardiovascular disease (or its risk) that does not require percutaneous coronary intervention (PCI).[@b40-cia-13-1675] However, the concomitant administration of these antithrombotic (anticoagulant + antiplatelet) therapies undoubtedly increases the risk of bleeding.[@b41-cia-13-1675] The "COMPASS study" evaluated the effect of the concurrent use of rivaroxaban and aspirin in patients with stable cardiovascular disease.[@b42-cia-13-1675] The results indicated that, compared with aspirin alone, the combination therapy significantly reduced the incidence of adverse cardiovascular events. However, bleeding events occurred in significantly more patients treated with the combination therapy. When the composite endpoint (net clinical benefit outcome of death, cerebral infarction, myocardial infarction, fatal bleeding, and symptomatic bleeding) was analyzed, the total incidence of events was significantly lower in the combination therapy group than in the aspirin alone group (HR, 0.80; 95% CI, 0.70--0.91). However, a subgroup analysis showed that the rates of thrombotic and bleeding events increased with age. Thus, in patients aged 75 years and older, there was no significant difference in the thrombotic endpoint (cardiovascular death, stroke, and myocardial infarction) between the two treatment groups (HR, 0.89; 95% CI, 0.69--1.14).[@b42-cia-13-1675] Collectively, the results of these clinical studies indicate the effectiveness of concomitant antithrombotic therapies only in the early (or acute) stage of thrombosis based on arteriosclerotic lesions. However, they also suggest that although the risk of thrombosis decreases, the increased risk of bleeding resulting from the antithrombotic therapies becomes a significant issue as the disease progresses to the chronic stage. In elderly patients, it is especially difficult to obtain therapeutic benefit that outweighs the risk of bleeding from the concurrent use of antithrombotic drugs. It should be noted that some studies listed in [Table 1](#t1-cia-13-1675){ref-type="table"} were reported in the era before the availability of direct oral anticoagulants (DOACs) and newer antiplatelet agents such as ticagrelor. Therefore, some concomitant antithrombotic therapies might be no longer selected in actual clinical practice. These therapeutic methods remain to be improved in terms of their regimens, duration of medications, and decisions regarding indications for patients. In recent years, evidence-based guidelines, including a single drug of antithrombotic therapy, have been developed for each specialized medical field, and physicians should consult them when treating patients.

As noted above, some clinical trials listed in [Table 1](#t1-cia-13-1675){ref-type="table"} were reported before the era of DOACs and newer antiplatelet agents such as ticagrelor. Therefore, more clinical trials using these new drugs are required to prove the usefulness of concurrent use of multiple antithrombotic drugs. Furthermore, elderly patients with diseases other than those described here should not receive concomitant antithrombotic therapies, because there is no clear evidence for their efficacy in them. However, as explained in the Statin-based combination therapy section, combination therapies involving statins could balance the risks of thrombosis and bleeding to some degree in patients with severe arteriosclerosis.

Statin-based combination therapy
--------------------------------

Cohort studies have demonstrated that, in elderly patients, high levels of serum cholesterol are not associated with an increased risk of thrombotic events or mortality.[@b43-cia-13-1675],[@b44-cia-13-1675] Thus, statin drugs for hyperlipidemia are often discontinued in elderly patients. As for statins used as secondary prevention after cerebral infarction, Vergouwen et al[@b45-cia-13-1675] previously demonstrated that these drugs increase the risk of cerebral hemorrhage (pooled relative risk, 1.73; 95% CI, 1.19--2.50) although they also reduce the incidence of recurrent cerebral infarction (pooled relative risk, 0.80; 95% CI, 0.70--0.92). They concluded that the thrombotic effect was partly negated by an increased risk of hemorrhagic stroke.[@b45-cia-13-1675] Recently, several reports were published regarding the correlation between statin use and the risks of thrombotic and bleeding events. By using clinical data available from a university hospital in South Korea, Shin et al performed a retrospective analysis of 1,686 patients who had been concomitantly administered warfarin and a statin.[@b46-cia-13-1675] The results indicated that the risk of bleeding was significantly and specifically higher in patients treated with a strong statin (HR, 5.394; 95% CI 1.168--24.916). The authors suggest that an excessive reduction of low-density lipoprotein (LDL)-cholesterol levels may weaken cellular membranes, resulting in a higher incidence of bleeding.[@b46-cia-13-1675] The increased incidence of bleeding caused by statins could also be explained by the drugs' effects on fibrinolysis and/or anticoagulation.[@b45-cia-13-1675] Moreover, the increase may be related to microhemorrhage that is frequently found in patients with cerebral infarction.[@b45-cia-13-1675] These observations appear to indicate that, when possible, the use of statins should be avoided in elderly patients. However, the discontinuation of statin therapy is reportedly associated with a significantly higher incidence of thrombosis in patients receiving antithrombotic therapy during the early stages after cerebral infarction (adjusted HR, 1.42; 95% CI, 1.28--1.57).[@b47-cia-13-1675] Furthermore, early statin use after cerebral infarction is shown to significantly improve physical functions 3 months after disease onset (pooled odds ratio, 1.41; 95% CI, 1.29--1.56).[@b48-cia-13-1675] Thus, a considerable number of clinical cases indicate the effectiveness of statins. These studies did not exclusively recruit elderly patients as subjects. However, in all studies, the subjects were on average in their mid-60s. Thus, the results of the studies can provide valuable information about elderly patients.

The results described above can be summarized as follows. When used as primary prevention for thrombosis (or as arteriosclerosis prevention), statin therapy has only limited efficacy in elderly patients. In contrast, statins are potentially necessary for certain patients who already have a high thrombotic risk (severe arteriosclerosis) that could lead to cerebral infarction. This is a clinically relevant research subject that requires further investigation with randomized controlled trials (RCTs). However, when we are unable to easily determine which treatment option is best for our current patients, we adhere to the following principles: 1) we assume that the thrombotic risk is higher than the bleeding risk in patients with severe arteriosclerosis (including those receiving secondary prevention therapy), and for these patients, we consider combining a statin with antithrombotic therapy; and 2) we assume that statin treatment has only limited efficacy in certain patients (such as atrial fibrillation patients with mild-to-moderate arteriosclerosis) receiving anticoagulation therapy, even if they have high levels of total cholesterol ([Figure 2](#f2-cia-13-1675){ref-type="fig"}). In addition, when patients concomitantly develop thrombosis caused by arteriosclerosis despite already receiving antithrombotic therapy (tertiary prevention setting), physicians may combine a statin, rather than DAPT, with the ongoing therapy as a safety precaution ([Figure 2](#f2-cia-13-1675){ref-type="fig"}). In any of these cases, currently, there is no substantial reason for using strong statins in elderly patients. Recently, pravastatin (40 mg/day) was found to have no effect on the prevention of cardiovascular events in elderly patients with moderate hyperlipidemia (mean LDL-cholesterol, 148 mg/dL) and hypertension.[@b49-cia-13-1675] Thus, similar to antiplatelet therapy, statins should be avoided unless compelling evidence exists for their use in a specific patient.

Optimum duration of DAPT
------------------------

Currently, physicians often evaluate bleeding risk before determining the necessity for antithrombotic therapy and/or the drugs suitable for such therapy. Many clinical studies have investigated the optimum duration of DAPT after coronary stenting, but they have not yet reached a universal conclusion. Through these studies, however, physicians have begun to realize the importance of individually evaluating patients' thrombotic and bleeding risks[@b50-cia-13-1675] and have recently developed several scoring systems that can predict these risks more efficiently. The DAPT score was reported as a tool to assess if the further continuation of DAPT would be beneficial for patients who had already received this therapy for 1 year after coronary stenting ([Table 2](#t2-cia-13-1675){ref-type="table"}).[@b51-cia-13-1675] Separately, the PRECISE-DAPT score was created as a tool for early decision-making (continuation or termination) with respect to the duration of DAPT.[@b52-cia-13-1675] The usefulness of these tools has been gradually recognized based on the results of clinical studies conducted under a variety of research conditions.[@b53-cia-13-1675]--[@b55-cia-13-1675] As the DAPT score decreases, the benefit of prolonged DAPT decreases and the risk of bleeding increases. The only factor that reduces DAPT scores is advanced age (−1 for age ≥65 and \<75 years and −2 for age ≥75 years). Consequently, the number of patients who should continue the therapy for extended periods of time is lower among elderly patients. In fact, a large-scale retrospective assessment of actual clinical cases demonstrated that most patients with DAPT scores \<2 were elderly patients and that prolonged DAPT was harmful to them.[@b54-cia-13-1675]

Secondary benefits of antithrombotic therapy
--------------------------------------------

Apart from its main purpose of preventing thrombotic events, antithrombotic therapy has, at times, positive effects on co-existing medical conditions that are frequently found in elderly patients. These secondary benefits may play a vital role not only in the maintenance and improvement of quality of life but also in prolonging life expectancy. Consequently, physicians may decide to use a specific antithrombotic drug with a known secondary benefit for a certain patient. The following are a few examples of these secondary benefits.

Prevention of aspiration pneumonia by cilostazol
------------------------------------------------

Aspiration pneumonia is a leading cause of hospitalization and mortality in elderly people, especially in those with oropharyngeal dysphagia.[@b56-cia-13-1675],[@b57-cia-13-1675] Because of the increasing number of older patients with pneumonia in aging societies,[@b58-cia-13-1675] effective prophylaxis for aspiration pneumonia in needed. In 2001, Yamaya et al[@b59-cia-13-1675] performed an RCT involving patients with cerebral infarction. In this trial, one group (152 patients) received cilostazol (100 mg/day) and the other (145 patients) received no treatment. They reported that cilostazol administration after cerebral infarction lowered the risk of pneumonia about 40%.[@b59-cia-13-1675] Following this article, similar observations have occasionally been published.[@b60-cia-13-1675],[@b61-cia-13-1675] Moreover, the use of cilostazol as a preventive measure for aspiration pneumonia was described in the "Japanese Guidelines for the Management of Stroke 2015" issued by the Japan Stroke Society.[@b62-cia-13-1675] Mechanistically, cilostazol may stimulate blood flow in the basal ganglia region and improve the cough reflex through an increase in substance P secretion. This could prevent the aspiration of foreign materials into the lower respiratory tract, leading to a reduced incidence of pneumonia. However, there are only limited data to support this hypothesis.[@b63-cia-13-1675] In elderly people, pneumonia is associated with a higher mortality rate than stroke. Thus, when treating elderly patients to prevent recurrent stroke, cilostazol could be preferentially used if they also have an increased risk of aspiration pneumonia ([Figure 3](#f3-cia-13-1675){ref-type="fig"}).

Anti-Alzheimer's disease activity of cilostazol
-----------------------------------------------

Alzheimer's disease is a progressive and fatal neurodegenerative disease, with no effective treatment or cure, and it is the main cause of dementia.[@b64-cia-13-1675] The growing number of patients with Alzheimer's disease and the rapidly increasing costs of dementia are now very serious problems.[@b64-cia-13-1675],[@b65-cia-13-1675] Therefore, effective prophylaxis and treatment of this disease need to be established immediately. In 2009, Arai and Takahashi[@b66-cia-13-1675] reported that a therapy combining cilostazol with the anti-dementia drug donepezil slowed the progression of dementia symptoms in patients with Alzheimer's disease. Subsequently, a series of research articles also described the mitigation of cognitive decline by cilostazol treatment.[@b67-cia-13-1675],[@b68-cia-13-1675] Currently, an RCT is underway to verify these results.[@b69-cia-13-1675] The potential causative agents of Alzheimer's disease include amyloid β peptides and tau proteins. It has been suggested that cilostazol exerts its beneficial effects by reducing amyloid β accumulation and tau phosphorylation.[@b70-cia-13-1675],[@b71-cia-13-1675] Therefore, with the aim of potentially preventing the progression of dementia symptoms, cilostazol may be preferentially selected in patients with Alzheimer's disease or mild cognitive impairment who need antithrombotic therapy ([Figure 3](#f3-cia-13-1675){ref-type="fig"}). In fact, when we investigated the effects of a comprehensive intervention for a severe eating and swallowing disorder in older dementia patients, we identified multiple cases where whole-body function, and eating ability were improved by substituting cilostazol for other antiplatelet drugs.[@b72-cia-13-1675]

It should be noted that these new findings about the secondary benefits of cilostazol lack sufficient reliable evidence and need more clinical trials to prove its benefits. Therefore, cilostazol should not be used mainly for the secondary benefit, but for its antithrombotic effects. We never recommend prescribing it outside the scope of current insurance coverage.

Cancer preventive effect of aspirin
-----------------------------------

In Japan, the total number of deaths from colorectal cancer reaches approximately 50,000 per year.[@b73-cia-13-1675] It is the third leading cause of cancer-related deaths in men, after lung and gastric cancer, and the first in women.[@b73-cia-13-1675] Therefore, routine screening for colorectal cancer is highly recommended, and the development of effective preventive strategies for this cancer is eagerly awaited. Since the 1980s, researchers have suggested the potential anti-colorectal cancer effect of aspirin. For example, a large-scale cohort study started in the United States in 1982 demonstrated that regular use of aspirin is associated with a lower risk of colorectal cancer-specific mortality.[@b74-cia-13-1675] Many similar reports were published from the 1990s to the 2000s.[@b75-cia-13-1675]--[@b77-cia-13-1675] Subsequently, aspirin was shown to inhibit the progression and recurrence of colorectal cancer and adenomas.[@b78-cia-13-1675],[@b79-cia-13-1675] Furthermore, aspirin was also proven to reduce colorectal cancer incidence in high-risk patients with, for example, familial adenomatous polyposis and Lynch syndrome, both of which showed significant results.[@b80-cia-13-1675],[@b81-cia-13-1675] It is now clear that, in addition to colorectal tumors, aspirin can inhibit the development and metastasis of a variety of other epithelial tumors.[@b82-cia-13-1675],[@b83-cia-13-1675] Based on these results, the US Preventive Services Task Force published a recommendation statement in 2016 regarding the use of aspirin for the prevention of cardiovascular disease and cancer. They recommended initiating aspirin use for the prevention of colorectal cancer in adults aged 50--59 years who have a 10% or greater 10-year risk of developing atherosclerotic cardiovascular disease (ASCVD).[@b84-cia-13-1675] A web-based application enabling estimation of 10-year and lifetime risk of ASCVD is available at <http://my.americanheart.org/cvriskcalculator>. Since the early stages of these studies, researchers have hypothesized that aspirin prevents colorectal cancer progression through the inhibition of cyclooxygenase-2.[@b78-cia-13-1675],[@b85-cia-13-1675] Other aspirin-induced biological reactions, such as the inhibition of nuclear factor (NF)-κB and Toll-like receptor four pathways, are also suggested to play roles in this anti-cancer effect. However, there is as yet no definitive conclusion. Since elderly people have an increased risk of developing cancer as well as thrombosis, we prefer to use aspirin especially in elderly patients with a history of colorectal adenomas or epithelial tumors who require antithrombotic therapy ([Figure 3](#f3-cia-13-1675){ref-type="fig"}).

Medication adherence in the elderly
-----------------------------------

### Management of poor adherence

Researchers have now identified many conditions (including cognitive impairment) that contribute to poor medication adherence.[@b86-cia-13-1675]--[@b88-cia-13-1675] Therefore, to improve patients' ability to sustain medication adherence, physicians must, whenever possible, develop strategies to either prevent or ameliorate these unfavorable conditions. Medication management is difficult in patients with cerebral infarction or dementia, because these patients have a variety of disabilities, such as cognitive decline, dysphagia, and hemiplegia. The effects of certain oral medications (eg, warfarin) can be monitored using blood tests. For these medications, the measurement of adherence in each patient (ie, the determination of whether each patient takes medications or not) is relatively straightforward. On the other hand, since other medications such as DOACs and antiplatelet drugs cannot affect blood tests, it is difficult to confirm using blood tests whether patients have taken them. From the viewpoint of blood half-life, the effects of warfarin and antiplatelet drugs are not immediately affected by occasional missed doses. In contrast, inadequate adherence to DOACs most likely results in a reduced therapeutic effect within a day. Poor medication adherence also increases the incidence of stroke and the risk of stroke-related mortality.[@b89-cia-13-1675] In a study that investigated the correlation between thrombosis risk and adherence to different DOACs, adherence levels varied significantly between drug types, and lower adherence was significantly associated with a higher incidence of thrombosis.[@b90-cia-13-1675] The following are some of the specific and feasible strategies that can help avoid or improve poor adherence: 1) increase patients' knowledge about the therapeutic importance of their drug regimens;[@b91-cia-13-1675] 2) select a regimen with less frequent dosing;[@b92-cia-13-1675],[@b93-cia-13-1675] 3) when multiple drugs are necessary, simplify medication regimens as much as possible and avoid the need for complex medication management;[@b94-cia-13-1675] 4) use packaging and/or medication reminders;[@b95-cia-13-1675],[@b96-cia-13-1675] 5) for patients requiring long-term care, manage medication regimens through daycare or homecare services to achieve a high rate of adherence;[@b19-cia-13-1675] 6) have patients receive pharmacist intervention;[@b97-cia-13-1675] and 7) for patients with dysphagia, select oral dispersing tablets or crushable tablets.[@b19-cia-13-1675] However, there is only limited evidence available that the above strategies can potentially solve the low-adherence problem. Thus, the issue of improving patient adherence to medications still remains a clinically important subject.[@b98-cia-13-1675] When lowering drug doses or simplifying medication regimens, a range of evidence described in the previous sections can be useful. Patients requiring long-term care can monitor their adherence levels by having remaining dosages examined regularly under the supervision of visiting nurses or pharmacists. Recent approaches to improve adherence include robot-assisted medication management and telemonitoring of drug intake that also provides patient feedback.[@b99-cia-13-1675] However, these approaches have not yet found widespread use in the field of primary care.

### Status of DOAC therapy in the elderly

In recent years, DOACs have rapidly gained wide acceptance in anticoagulation therapy. This is because they do not require strict dose adjustment and coagulation monitoring using blood tests. However, a large proportion of atrial fibrillation patients still do not receive adequate anticoagulation therapy, and, furthermore, this therapy is particularly underused in elderly patients[@b100-cia-13-1675],[@b101-cia-13-1675] despite the notion that they could gain greater clinical benefits from the treatment (because the risk of thrombosis increases with age more than the risk of bleeding).[@b102-cia-13-1675] In clinical trials conducted under strict medical guidelines, DOACs were associated with a lower risk of hemorrhagic adverse events than warfarin even in elderly patients. These studies also reported differences in bleeding symptoms between different DOACs.[@b103-cia-13-1675] However, the results of clinical trials are not always comparable to those obtained from daily practice where clinical circumstances are diverse. These circumstances include criteria for the initiation of anticoagulation therapy and the selection of anticoagulants, drug doses, patients' compliance with the therapy, and their medication adherence.[@b104-cia-13-1675] Recently, multiple large-scale, real-world analyses reported that there was no clear difference in safety between DOACs and warfarin although the majority of the subjects in these studies were elderly patients (with a mean age in the 70s).[@b105-cia-13-1675]--[@b107-cia-13-1675] However, the results of a meta-analysis of real-world data were similar to those of clinical trials.[@b108-cia-13-1675] There was no difference in the inhibition effect of thrombotic events between DOACs and warfarin, but DOACs were associated with a lower risk of mortality. Moreover, warfarin and DOACs were associated with significantly higher risks of intracranial and gastrointestinal hemorrhages, respectively.

As for medication adherence, the existing results are inconclusive due to the lack of consistent research conditions; one report showed that a DOAC is associated with a higher adherence rate relative to warfarin, while the other found no difference between DOACs and warfarin.[@b109-cia-13-1675],[@b110-cia-13-1675] Patients who have been taking warfarin for extended periods of time with satisfactory results tend to elect not to switch to a DOAC.[@b111-cia-13-1675] Therefore, there is no reason for physicians to select DOAC therapy for these patients. For patients with poor adherence, physicians may need to reconsider if anticoagulation therapy itself is suitable for them. However, the use of warfarin may allow physicians to effectively determine and optimize dosage regimens for patients at high risk of missing doses. As described above, the efficacy of warfarin is not immediately affected by missed doses. Also, it can be monitored using blood tests. Nevertheless, in actual practice, physicians tend to prescribe a DOAC to low-adherence patients, in whom it is difficult to bring prothrombin time-international normalized ratio values into the therapeutic range with warfarin.[@b112-cia-13-1675] Currently, the clinical outcomes of patients who switch to a DOAC are unknown, and the need to be investigated in the future.

According to the most recent expert consensus document, anticoagulation therapy should be actively administered even in elderly patients, if indicated. For patients without severe renal dysfunction, a direct Xa inhibitor (rivaroxaban, apixaban, or edoxaban), rather than other DOACs, is most highly recommended owing to the favorable safety profiles of these inhibitors.[@b12-cia-13-1675] However, accurate information regarding the risk--benefit balance of the inhibitors is still limited, especially in older patients. Thus, great caution must be exercised when managing these patients. When switching to Xa inhibitors, physicians should always evaluate whether the continuation of ongoing treatment is more beneficial for the patients based on their overall health and medication adherence levels.

Conclusion
==========

This article reviewed the current problems of antithrombotic therapy caused by a variety of co-existing medical conditions found in elderly patients. Information that can potentially facilitate physicians' decision-making processes was also provided. It was possible to focus on less harmful antithrombotic therapies for elderly patients with comorbidities, but their outcomes, including time to benefit and number of healthy life years gained/gain in healthy life expectancy, could not be discussed. As described above, clinical studies in this field lack a sufficient amount of data collected from elderly patients. Therefore, it is uncertain whether more individualized antithrombotic therapy for elderly patients can improve the prognosis. More clinical studies are now urgently needed in this field.

The very limited evidence that makes us struggle in daily prescribing practice for elderly patients and shared decision-making without definite recommendations. When treating chronic atrial fibrillation in cases with other cardiovascular risks, physicians must estimate, as accurately as possible, whether the benefit of inhibiting thrombotic events outweighs the risk of bleeding before choosing a treatment plan (such as a combination of antithrombotic agents, triplet agents, or concomitant statins). There is only limited information about this disorder. In addition, the evidence for antithrombotic treatment for much older patients, such as octogenarians and nonagenarians, is even more limited. Many clinical challenges remain in daily practice for these patients. Thus, physicians have no choice but to find a treatment plan that is not fully evidence based but is still considered the best strategy for a specific patient. This treatment plan also needs to be a clinically integrated approach that incorporates treatment strategies for co-existing disorders. Furthermore, physicians should try to avoid prescribing too many drugs, thus keeping the medication regimen as simple as possible (preferably, once daily, placed in one dose package). Finally, they should also consider patients' medication adherence history to make sure that they can continue treatment safely and effectively. At this moment, Xa inhibitors are recommended in elderly patients without renal dysfunction when they begin anticoagulation therapy.

Elderly people have increased risks of both thrombosis and bleeding. Thus, even if they receive the best antithrombotic therapy, they will most likely develop a thrombotic or bleeding event during treatment. On these occasions, it is crucial that physicians clearly explain the reasons for their treatment choices.
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![Problems in antithrombotic therapy for elderly patients with comorbidities.\
**Notes:** The five factors of non-adherence were originally proposed by Yap et al in a systematic review.[@b88-cia-13-1675] Comorbidities can cause several factors that are associated with thrombosis or bleeding risks in patients treated with antithrombotic agents. Therefore, especially in elderly patients, we do our best to provide appropriate prescriptions, considering their comorbidities and avoidance of polypharmacy, as well as interventions to improve adherence.\
**Abbreviations:** DAPT, dual antiplatelet therapy; MCI, mild cognitive impairment.](cia-13-1675Fig1){#f1-cia-13-1675}

![Indications for statins in elderly patients with hyperlipidemia in addition to basic antithrombotic therapy (proposal).\
**Notes:** The bleeding risk can be excessively increased by statins in elderly patients already treated with antithrombotic therapies. Inappropriate statin use will increase their bleeding risk to greater than their ischemic risk. The patients that fit into one of the right three columns have an indication for antithrombotic therapy. Some patients with a past embolic event but with little arteriosclerotic change have an indication for anticoagulant therapy but are not suitable for statins. Embolic events such as cardiogenic cerebral embolism, deep vein thrombosis, and pulmonary embolism can occur independently of underlying arteriosclerotic lesions.\
**Abbreviations:** AP, angina pectoris; PAD, peripheral arterial disease; TIA, transient ischemic attack; LDL, low density lipoprotein.](cia-13-1675Fig2){#f2-cia-13-1675}

![Secondary (additional) effects of antiplatelet agents -- beyond the antiplatelet effect.\
**Note:** We can select an antiplatelet agent considering patients' comorbidities, which may be controlled by its secondary (additional) effects beyond the antiplatelet (primary) effect. It is noted that cilostazol should not be used mainly for the secondary benefit but for its antithrombotic effects, because there is insufficient evidence for the additional effects at the present time.\
**Abbreviation:** MCI, mild cognitive impairment.](cia-13-1675Fig3){#f3-cia-13-1675}

###### 

The clinical studies of DAPT

  Disease                                  Subjects                                                                                             Assignment (N, age)[a](#tfn2-cia-13-1675){ref-type="table-fn"}                                                                                                                                                                                                                   Primary endpoint and follow-up duration                                                                                                                                           Results and/or conclusions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  Reference
  ---------------------------------------- ---------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------
  CAD                                      Patients who underwent coronary stenting (BMS)                                                       Aspirin alone (N = 557, 61 years) vs aspirin + Wa (N = 550, 62 years) vs aspirin + ticlopidine (N = 546, 61 years)                                                                                                                                                               All clinical events reflecting stent thrombosis (death, revascularization of the target lesion, angiographically evident thrombosis, or MI) within 30 days                        As compared with aspirin alone and a combination of aspirin and Wa, treatment with aspirin and ticlopidine resulted in a lower rate of stent thrombosis (3.6% vs 2.7% vs 0.5%, respectively, *P* = 0.001) although there were more hemorrhagic complications than with aspirin alone (1.8% vs 6.2% vs 5.5%, respectively, *P* \< 0.001)                                                                                                                                                                                                                                                                                                                     [@b22-cia-13-1675]
  CAD                                      Patients who underwent coronary stenting (EES)                                                       Discontinuation of DAPT within 4 months (N = 1,525, 70.0 years), vs continuation of DAPT for over 1 year (N = 1,559, 68.9 years)                                                                                                                                                 A composite of cardiovascular death, MI, stroke, definite stent thrombosis, and thrombolysis in MI major/minor bleeding at 1 year after PCI                                       Cumulative incidence of the primary endpoint tended to be lower in the discontinuation group than in the continuation group (2.8% vs 4.0%, *P* = 0.06) and adjusted HR was 0.64 (95% CI, 0.42 to 0.95, *P* = 0.03). Stopping DAPT at 3 months in selected patients after cobalt-chromium EES implantation was at least as safe as the prolonged DAPT regimen                                                                                                                                                                                                                                                                                                [@b23-cia-13-1675]
  CAD                                      Patients who underwent coronary stenting (DES) and treated with DAPT for 12 months                   Aspirin + thienopyridine (N = 5,020, 61.8 years) vs aspirin + placebo (N = 4,941, 61.6 years)                                                                                                                                                                                    Stent thrombosis and major adverse cardiovascular and cerebrovascular events (the composite of death, MI, or stroke) during the period from 12 to 30 months after PCI             As compared with aspirin alone, DAPT significantly reduced the risks of stent thrombosis (HR, 0.29; 95% CI, 0.17 to 0.48; *P* \< 0.001) and major adverse cardiovascular and cerebrovascular events (HR, 0.71; 95% CI, 0.59 to 0.85; *P* \< 0.001) but was associated with an increased risk of bleeding (2.5% vs 1.6%, *P* = 0.001)                                                                                                                                                                                                                                                                                                                        [@b24-cia-13-1675]
  CAD                                      Patients who underwent coronary stenting .6 months previously                                        Aspirin + cilostazol (N = 254, 68 years) vs aspirin alone (N = 260, 69 years)                                                                                                                                                                                                    A composite of all-cause death, MI, stroke, or cardiovascular or cerebrovascular revascularization at 2 years after randomization                                                 The addition of cilostazol to aspirin therapy was associated with lower rates of cardiovascular and cerebrovascular events at 2 years compared with aspirin monotherapy (13.9% vs 22.1%; HR, 0.61; 95% CI, 0.40 to 0.93; *P* = 0.021). The rate of major or minor bleeding was not significantly different between the two groups                                                                                                                                                                                                                                                                                                                           [@b25-cia-13-1675]
  CAD                                      Patients receiving oral anticoagulants and undergoing PCI (DES)                                      Wa + clopidogrel (N = 279, 70.3 years, double therapy) vs Wa + clopidogrel + aspirin (N = 284, 69.5 years, triple therapy)                                                                                                                                                       Any bleeding episode within 1 year of PCI, assessed by intention to treat                                                                                                         Use of clopidogrel without aspirin (double therapy) was associated with a significant reduction in bleeding complications (HR, 0.36; 95% CI, 0.26 to 0.50; *P* \< 0.0001) and no increase in the rate of thrombotic events                                                                                                                                                                                                                                                                                                                                                                                                                                  [@b26-cia-13-1675]
  CAD                                      Patients with atrial fibrillation who had undergone PCI                                              Dabigatran 220 mg/day + clopidogrel or ticagrelor (N = 981, 71.5 years, 110 mg dual therapy) vs dabigatran 300 mg/day + clopidogrel or ticagrelor (N = 763, 68.6 years, 150 mg dual therapy) vs Wa + aspirin + clopidogrel or ticagrelor (N = 981, 71.7 years, triple therapy)   A major or clinically relevant non-major bleeding event during follow-up. Mean follow-up was 14 months                                                                            Bleeding was lower among those who received dual therapy than among those who received triple therapy (15.4% in the 110 mg dual therapy group as compared with 26.9% in the triple therapy group \[HR, 0.52; 95% CI, 0.42 to 0.63; *P*, 0.001 for non-inferiority; *P* \< 0.001 for superiority\], and 20.2% in the 150 mg dual therapy group as compared with 25.7% in the corresponding triple therapy group, which did not include elderly patients outside the United States \[HR, 0.72; 95% CI, 0.58 to 0.88; *P* \< 0.001 for non-inferiority\]). Dual therapy was non-inferior to triple therapy with respect to the risk of thromboembolic events   [@b27-cia-13-1675]
  CAD                                      Patients undergoing CABG                                                                             Ticagrelor + aspirin (N = 168, 63.5 years) vs ticagrelor alone (N = 166, 63.3 years) vs aspirin alone (N = 166, 64.0 years)                                                                                                                                                      Primary outcome was saphenous vein graft patency 1 year after CABG                                                                                                                Saphenous vein graft patency rates 1 year post-CABG were 88.7% with ticagrelor + aspirin; 82.8% with ticagrelor alone; and 76.5% with aspirin alone. The difference between ticagrelor + aspirin vs aspirin alone was statistically significant (12.2%; 95% CI, 5.2% to 19.2%; *P* \< 0.001). Further research with more patients is needed to assess comparative bleeding risks                                                                                                                                                                                                                                                                            [@b28-cia-13-1675]
  PAD                                      Patients with a history of intermittent claudication secondary to PAD                                Aspirin + cilostazol (N = 717, 66.5 years) vs aspirin + placebo (N = 718, 65.9 years)                                                                                                                                                                                            The safety of cilostazol, defined as all-cause mortality within 36 months after randomization                                                                                     In the full ITT population at 36 months, there were 101 deaths, 49 on cilostazol and 52 on placebo (HR, 0.94; 95% CI, 0.64 to 1.39; *P* = 0.77). Serious bleeding events appeared not to be increased by cilostazol                                                                                                                                                                                                                                                                                                                                                                                                                                         [@b29-cia-13-1675]
  PAD                                      The patients with symptomatic or asymptomatic PAD from the CHARISMA trial                            Aspirin + clopidogrel (N = 1,545, 66 years) vs aspirin + placebo (N = 1,551, 66 years)                                                                                                                                                                                           The first occurrence of MI, stroke, or death from cardiovascular causes (including hemorrhage). Patients were followed up for a median of 28 months                               Among the patients with PAD, the primary endpoint occurred in 7.6% in the clopidogrel plus aspirin group and 8.9% in the placebo plus aspirin group (HR, 0.85; 95% CI, 0.66 to 1.08; *P* = 0.18). DAPT provided some benefit over aspirin alone in PAD patients for the rate of MI and the rate of hospitalization for ischemic events, at the cost of an increase in minor bleeding                                                                                                                                                                                                                                                                        [@b30-cia-13-1675]
  PAD                                      Patients undergoing unilateral, below-knee bypass graft for atherosclerotic PAD                      Aspirin + clopidogrel (N = 425, 66.5 years) vs aspirin + placebo (N = 426, 65.6 years)                                                                                                                                                                                           A composite of index graft occlusion or revascularization, above-ankle amputation of the affected limb, or death at 6 to 24 months                                                The combination of clopidogrel plus aspirin did not improve limb or systemic outcomes in the overall population of PAD patients requiring below-knee bypass grafting (HR, 0.98; 95% CI, 0.78 to 1.23). Subgroup analysis suggests that clopidogrel plus aspirin confers benefit in patients receiving prosthetic grafts without significantly increasing major bleeding risk                                                                                                                                                                                                                                                                                [@b31-cia-13-1675]
  PAD                                      Patients with PAD and acute coronary syndromes                                                       Aspirin + ticagrelor vs aspirin + clopidogrel (total N = 1,144)                                                                                                                                                                                                                  Cardiovascular death, MI, or stroke for 1 year                                                                                                                                    The reduction of cardiovascular death, MI, or stroke with ticagrelor compared with clopidogrel in PAD patients was consistent with the overall trial result although it did not reach statistical significance (HR, 0.85; 95% CI, 0.64 to 1.11; *P* = 0.99). Overall major bleeding was similar between the therapies                                                                                                                                                                                                                                                                                                                                       [@b32-cia-13-1675]
  PAD                                      Patients undergoing an initial elective lower extremity revascularization (bypass or endovascular)   Bypass: aspirin (N = 9,967, 67.3 years), aspirin + thienopyridine (N = 6,018, 66.6 years) Endovascular: aspirin (N = 12,559, 69.1 years), aspirin + thienopyridine (N = 28,497, 67.6 years)                                                                                      Retrospective analysis compared late survival at 1 year and 5 years after revascularizations                                                                                      DAPT was associated with prolonged survival compared with aspirin alone at 1 year after bypass (93% vs 92%, *P* = 0.001) and endovascular interventions (93% vs 92%, *P* = 0.005) and that was sustained through 5 years of follow-up (bypass, 80% vs 78% \[*P* = 0.004\]; endovascular, 76% vs 73% \[*P* = 0.002\]), but not for those with claudication                                                                                                                                                                                                                                                                                                   [@b33-cia-13-1675]
  Stroke and TIA                           Patients within 24 hours after the onset of minor ischemic stroke or high-risk TIA                   Aspirin + clopidogrel (N = 2,584, 63 years) vs aspirin alone (N = 2,586, 62 years)                                                                                                                                                                                               Stroke (ischemic or hemorrhagic) during 90 days of follow-up                                                                                                                      The combination of clopidogrel and aspirin is superior to aspirin alone for reducing the risk of stroke in the first 90 days (HR, 0.68; 95% CI, 0.57 to 0.81; *P* \< 0.001) and does not increase the risk of hemorrhage                                                                                                                                                                                                                                                                                                                                                                                                                                    [@b34-cia-13-1675]
  Stroke and TIA                           Patients with recent ischemic stroke or TIA and at least one additional vascular risk factor         Aspirin + clopidogrel (N = 3,797, 66.5 years) vs placebo + clopidogrel (N = 3,802, 66.1 years)                                                                                                                                                                                   A composite of ischemic stroke, MI, vascular death, or rehospitalization for acute ischemia during 18 months                                                                      Adding aspirin to clopidogrel in high-risk patients with recent ischemic stroke or TIA is associated with a non-significant difference in reducing major vascular events (relative risk reduction, 6.4%; 95% CI, to 4.6 to 16.3; absolute risk reduction, 1% \[−0.6 to 2.7\]). The risk of life threatening or major bleeding is increased by the addition of aspirin                                                                                                                                                                                                                                                                                       [@b35-cia-13-1675]
  Stroke and TIA                           Patients with minor ischemic stroke or high-risk TIA                                                 Aspirin + clopidogrel (N = 2,432, 65.0 years) vs aspirin + placebo (N = 2,449, 65.0 years)                                                                                                                                                                                       The risk of a composite of ischemic stroke, MI, or death from ischemic vascular causes (major ischemic events). Patients were to be followed up for 90 days after randomization   Patients received a combination of clopidogrel and aspirin had a lower risk of major ischemic events (5.0% in DAPT vs 6.5% in aspirin plus placebo \[HR, 0.75; 95% CI, 0.59 to 0.95; *P* = 0.02\] but a higher risk of major hemorrhage 0.9% in DAPT vs 0.4% in aspirin plus placebo \[HR, 2.32; 95% CI, 1.10 to 4.87; *P* = 0.02\]) at 90 days than patients received aspirin alone                                                                                                                                                                                                                                                                        [@b36-cia-13-1675]
  A composite of cardiovascular diseases   Patients with either clinically evident cardiovascular disease or multiple risk factors              Aspirin + clopidogrel (N = 7,802, 64.0 years) vs aspirin + placebo (N = 7,801, 64.0 years)                                                                                                                                                                                       A composite of MI, stroke, or death from cardiovascular causes                                                                                                                    Clopidogrel plus aspirin was not significantly more effective than aspirin alone in reducing the rate of MI, stroke, or death from cardiovascular causes (relative risk, 0.93; 95% CI, 0.83 to 1.05; *P* = 0.22)                                                                                                                                                                                                                                                                                                                                                                                                                                            [@b37-cia-13-1675]
  A composite of cardiovascular diseases   Patients who were taking oral antithrombotic agents for stroke and cardiovascular diseases           Single antiplatelet agent (N = 1,891, 69 years) vs DAPT (N = 349, 69 years) vs Wa (N = 1,298, 68 years) vs Wa + antiplatelet agent (N = 471, 70 years)                                                                                                                           Life threatening or major bleeding. Duration of the median follow-up was 19 months                                                                                                The annual incidence of the primary endpoint was 1.21% in the single antiplatelet agent group, 2.00% in the dual antiplatelet agent group, 2.06% in the Wa group, and 3.56% in the Wa plus antiplatelet agent group (*P* \< 0.001). Dual antithrombotic therapy was independently related to an increased risk of bleeding events                                                                                                                                                                                                                                                                                                                           [@b38-cia-13-1675]

**Notes:** The important large-scale clinical studies were extracted in the table, including non-RCTs and retrospective studies.

Age is expressed as the mean or median age of each allocated group as described in the referenced articles.

**Abbreviations:** BMS, bare metal stent; CABG, coronary artery bypass grafting; CAD, coronary artery disease; DAPT, dual antiplatelet therapy; DES, drug-eluting stent; EES, everolimus-eluting stent; ITT, intention to treat; MI, myocardial infarction; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; RCT, randomized controlled trial; TIA, transient ischemic attack; Wa, warfarin.

###### 

DAPT score

  Variable                   Points
  -------------------------- --------
  Age (years)                
   ≥75                       −2
   65--\<75                  −1
   \<65                      0
  Cigarette smoking          1
  Diabetes mellitus          1
  MI at presentation         1
  Prior PCI or prior MI      1
  Paclitaxel-eluting stent   1
  Stent diameter \<3 mm      1
  CHF or LVEF \<30%          2
  Vein graft stent           2

**Notes:** Variables reflect characteristics at the time of the index procedure. Cigarette smoking was defined as smoking within 1 year prior to the index procedure. The total score can range from −2 to 10. Discontinuation of DAPT is recommended for patients with a low score on this scoring system.

**Abbreviations:** CHF, congestive heart failure; DAPT, dual antiplatelet therapy; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PCI, percutaneous coronary intervention.
